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Abstract
According to the OPTIMAL theory of motor learning (Wulf & Lewthwaite, 2016),
autonomy support (AS), enhanced expectancies (EE), and external focus (EF) of attention are key
to effective motor performance and learning. AS allows individuals to exercise control, EE
provides performers with an increased sense of confidence, and EF directs attention to the intended
movement effects. Previous research indicates that these factors individually and collectively can
improve motor performance and learning in novices and experienced performers. Few studies have
used elite performers as participants. Purpose: To determine whether skilled throwing
performance can be enhanced by a successive implementation of AS, EE, and EF. Methods:
Twenty-four healthy, elite female softball players (21.36 ± 1.58 yrs, 14.44 ± 2.75 yrs of softball
experience) threw softballs at a bullseye target (10m). Athletes were randomly assigned to two
groups: 1) an experimental group provided with all three OPTIMAL factors and 2) a control group.
Specifically, the optimized group was given choice of softballs (AS), was given a liberal definition
of success (EE), and was instructed to focus on the bullseye (EF). Throwing accuracy was assessed
during five 12-throw blocks: a baseline block; the three middle blocks with factor introduction; a
transfer test block (12m). Results: No significant group difference in throwing accuracy were seen
for baseline, p = 0.551, blocks 2-4, p = 0.798, or transfer test, p = 0.557. No significant group
difference was seen in self-efficacy scores for baseline, p = 0.145, blocks 2-4, p = 0.472, or transfer
test, p = 0.392. Conclusion: Throwing performance, as well as reported self-efficacy scores, did
not change across the blocks with the successive implementation of the OPTIMAL factors.
Possible reasons for the lack of group differences include: Both groups preferred to throw with the
same ball (AS), participants met the criterion for success more than 75% of the time (EE), and the
participants could have already been focusing externally (EF). Furthermore, a single practice

iii

session might not be long enough to improve throwing performance, likely as a result of years of
repetitions under the same motor patterns. These highly skilled athletes might already have a high
level of self-efficacy preexisting from their softball careers, and that self-efficacy might not easily
change from a single practice session. Highly skilled athletes take years to improve their skills and
might benefit from the addition of appropriate OPTIMAL factor manipulations over a longer time
period (e.g., an entire sporting season).
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Chapter 1
Introduction
The OPTIMAL theory (Wulf & Lewthwaite, 2016) suggests that motor performance and
learning can be improved by implementing three key factors: Autonomy support (AS), enhanced
expectancies (EE), and external focus (EF) of attention. To give someone autonomy means to give
them a choice. This choice allows them to actively participate in determining their own behavior
by exercising control over their environment. Individuals exercise this control through choices
directly related to or incidental to the task. A softball player could exercise autonomy by choosing
the order of drills they perform during a defensive practice. Simple boosts in confidence enhance
expectancies and have been shown to facilitate motor learning and performance. Expectancies can
be enhanced by defining good performance. For example, a coach could give a softball player an
individualized, reasonable fielding percentage goal to strive for during a game. Attentional focus
instructions can direct an individual's attention to different aspects of the task. An external focus
is a focus directed at the intended effect of the movement, whereas an internal focus is directed at
body movements.
Numerous studies provide evidence that each factor individually enhances motor
performance and learning (for a review, see Wulf & Lewthwaite, 2016). There are relatively few
studies that combined the three factors (e.g., Chua, Wulf, & Lewthwaite, 2018; Wulf, Lewthwaite,
Cardozo, & Chiviacowsky, 2018). The first study to consecutively add each variable across blocks
of trials found incremental performance benefits in maximal jump height (Chua et al., 2018). No
studies to date have determined whether combining the three factors simultaneously can improve
performance in elite athletes.
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This study sought to analyze throwing performance changes in elite softball athletes.
Softball is a sport played around the world by both men and women of all ages and has been
reinstated as an Olympic sport for the 2020 summer games. In 2019, approximately 368,000 high
school and 20,000 NCAA collegiate fastpitch softball players participated in the United States
(NCAA, 2019). The present study is potentially important for both coaches and players because it
may provide information regarding effective ways for improving simple skills in highly skilled
athletes. This study emulated the experimental format of Chua et. al. (2018) by sequentially adding
the OPTIMAL factors (AS, EE, and EF) throughout performance of a throwing task.
The purpose of this study was to determine whether adding the OPTIMAL factors
sequentially during a throwing task could improve accuracy in elite softball players (≥10 years of
competitive softball experience). The optimized group, which utilized all three OPTIMAL factors,
was compared with a control group who received none of these factors. It was hypothesized that
the group given the OPTIMAL factors would improve their throwing accuracy from the baseline
test and would throw overall more accurately than the control group. Furthermore, it was
hypothesized that the optimized group would have a higher score on a transfer test than the control
group.
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Chapter 2
Literature Review
The OPTIMAL theory of motor learning (Wulf & Lewthwaite, 2016) identifies
motivational and attentional key factors for optimizing performance and learning: Autonomy
support (AS), enhanced expectancies (EE), and external focus (EF) of attention. These factors
appear to enhance motor performance and learning by contributing to goal-action coupling, which
is seen in the fluidity with which the intended movement goal is coupled with the desired action.
The result of efficient goal-action coupling is enhanced motor performance and skill learning
(Wulf & Lewthwaite, 2016).

2.1 Autonomy
Supporting learners’ need for autonomy positively affects motivation and motor skill
learning. Autonomy allows individuals to actively participate in determining their own behavior
(Wulf & Lewthwaite, 2016) by exercising control over their environment. Simply having the
opportunity to choose is inherently valuable. Studies on children (Chiviacowsky, Wulf, de
Medeiros, Kaefer, & Tani, 2008), older adults (Lessa & Chiviacowsky, 2015), and those with
motor impairments (Chiviacowsky, Wulf, Lewthwaite, & Campos, 2012) showed enhanced motor
performance when given autonomy. Learning is promoted by an individual having control,
independent of the variable that learners are given control over (Wulf & Lewthwaite, 2016). Such
motor skill learning is facilitated by choices such as when to use assistive devices (Hartman, 2007),
practice schedules (Chiviacowsky & Wulf, 2002; Wulf & Toole, 1999), or when to receive
feedback (Chiviacowsky, Wulf, & Lewthwaite, 2012).
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Choices both incidental and unrelated to the task have been shown to positively impact
motor learning and performance. In Experiment 1 of the study by Lewthwaite, Chiviacowsky,
Drews, and Wulf (2015), participants performed a golf putting task and chose the golf ball color
they would use (an incidental choice) whereas the yoked group was informed of the golf ball color
used during the task. Putting accuracy in a delayed retention test indicated greater accuracy in the
choice group compared to the yoked group. Experiment 2 produced results suggesting that giving
participants choices unrelated to the task promotes motor learning. During a balance task,
participants were asked their opinions on two things unrelated to the balance task: (1) which task
they would prefer to do after they practiced the primary task, and (2) which of two paintings should
be hung on the wall. Those who were asked their opinion showed more effective balance
performance during the retention test (one day later) than those informed of the secondary task and
the painting to be hung on the wall. Wulf, Freitas, and Tandy (2014) provided evidence suggesting
that incidental choices can influence intrinsic motivation. Participants chose the order of exercises
they would perform; their total number of sets and repetitions of exercises performed was
measured. Participants performed 60% more exercises after choosing the exercise order than those
without choice. Thus, the incidental choices (i.e., order of exercises) increased motivation to
exercise. These results, in conjunction with Lewthwaite et al. (2015), suggest that giving
participants inconsequential and insignificant choices (i.e., ball color, painting hung on a wall, or
order of exercises) facilitates improvements in motor learning and increases motivation.
Elite performers, as well as novices, showed learning benefits when given choice. Amateur
kickboxers increased their punching performances when given the choice of kickboxing patterns
(Experiment 2; Halperin, Chapman, Martin, Lewthwaite, & Wulf, 2017). Similarly, a world
champion kickboxer also improved his punching performance when choosing the order of punches
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(Experiment 1; Halperin et al., 2017). Punching velocities and impact forces were measured as the
athletes punched a force plate with maximal effort. The order of punches was either given (control)
or chosen by the participants (choice) during the experiment. Punch velocities and impact forces
in the choice condition were enhanced in the amateurs and the world-class athlete. Giving
performers choice(s) not only assisted the learning of novel tasks, but also improved the
performance of a highly skilled athlete relative to the control condition.

2.2 Enhanced Expectancies
In the literature, ‘enhancing expectancies’ conceptualizes an increase in self-efficacy.
According to Bandura (1977), self-efficacy is the personal belief about one’s capabilities to
perform and is based on prior experiences, vicarious experiences, verbal persuasion, and
physiological states. Prior experiences can alter self-efficacy positively and negatively. Vicarious
experiences influence self-efficacy because individuals viewing the success achieved by others
whom they can personally relate to causes the individual to believe that they, too, can be successful
at those things. Verbal persuasion and physiological experiences quickly alter self-efficacy. The
overwhelming theme of increasing self-efficacy is to encourage and support people. An interview
with Olympic athletes emphasizes the prevalence of positivity during their time preparing for the
games (Greenleaf, Gould, & Dieffenbach, 2001). Not only were the athletes themselves positive
in their mental and physical preparation, their support staff and coaches also provided positive
affirmations during training.
Enhanced expectancies have been shown to satisfy a psychological need for competence
and have a beneficial effect on motor skill learning (Wulf & Lewthwaite, 2016). Prior studies show
that increasing performer confidence and motivation can be achieved by providing feedback after
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good performances, (bogusly) suggesting that one is inherently more successful than others, and
by reducing task difficulty. Some of these studies are reviewed next.
Feedback emphasizing successful performance, while ignoring less successful attempts,
appears to benefit learning likely because of its positive motivational effects (Wulf, Chiviacowsky,
& Lewthwaite, 2010). Beanbag tossing scores demonstrate this as both adults (Chiviacowsky &
Wulf, 2007) and children (Chiviacowsky et al., 2008) improved their scores when given feedback
after good trials compared to feedback after bad trials.
Social-comparative feedback provides individuals with a sense of their relative ability and
is an effective basis for evaluating one’s own competence. Using an isometric handgrip task,
Hutchinson, Sherman, Martinovic, and Tenenbaum (2008) showed that the type of feedback
influenced self-efficacy: participants provided with false positive feedback about their
performance demonstrated an increase in self-efficacy, those given false negative feedback
demonstrated a decrease in self-efficacy, and the control group’s self-efficacy remained
unchanged. Likely as a result, those participants in the high self-efficacy group were able to hold
an isometric contraction longer than those in both the low self-efficacy group and the control
group. Additionally, the low self-efficacy and control groups held the isometric contraction for a
similar length of time. In another study, positive social-comparative feedback improved motivation
and influenced learning in 10-year old basketball players (Gonçalves, Cardozo, Valentini, &
Chiviacowsky, 2018). The children performed a basketball free-throw shooting task while under
social-comparative manipulation. All participants received their scores after each block but only
half of the participants received bogus positive social-comparative feedback suggesting that their
score was better than that of others. This positive feedback resulted in higher perceived
competence and scores than those who were not given additional positive feedback. The effects of
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social-comparative feedback were also tested on experienced endurance runners and produced
similar results. Runners provided with the enhanced expectancies during the test had greater
positive affect after running and decreased their VO2 consumption (indicating more movement
efficiency) during the 20-min running test than did the control group who remained at a constant
VO2 consumption (Stoate, Wulf, & Lewthwaite, 2012). This positive social-comparative feedback
motivates performers in a way that enhances learning and performance (Ávila, Chiviacowsky,
Wulf, & Lewthwaite, 2012; Gonçalves et al., 2018; Wulf, Chiviacowsky, & Lewthwaite, 2010;
Wulf et al., 2012), as compared with negative or no feedback. Wulf and Lewthwaite (2016)
attribute the positive benefits of enhanced expectancies as triggering positive affect, or the
anticipation of a pleasant and rewarding experience. The expectations of positive outcome can
increase confidence and learning.
Of the few studies that used throwing tasks, researchers sought to determine whether
enhanced expectancies improves performance under pressure (McKay, Lewthwaite, & Wulf,
2012). Novice participants threw tennis balls in the first block as accurately as possible. The second
block introduced pressure to all participants, but only half had their expectancies enhanced and the
other half served as a control. Pressure was introduced in the second block by (1) videotaping the
participant and (2) telling participants that if they improved their throwing scores by 15% then
they would receive a prize. Furthermore, the participants were told that they and a randomly
assigned partner both must achieve this goal, and that the partner was already successful.
Therefore, the participant’s performance determined whether they and the partner would receive
the prize. Not only did the group receiving enhanced expectancies report higher self-efficacy, they
also significantly improved their performance from the low pressure to the high-pressure block
and performed better than the control group while under pressure. An astounding 87.5% of the
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enhanced expectancies group achieved the required 15% increase in throwing scores under
pressure. In comparison, only 26.7% of the control group achieved the increase. The results of this
study are especially important because skilled athletes are constantly under pressure during
practice and competition.
Recent studies assessed whether changing the parameters of success between groups would
improve learning and performance (Chiviacowsky et al., 2012; Palmer, Chiviacowsky, & Wulf,
2016). In the study by Palmer et al. (2016), the participants practiced putting golf balls to a target
surrounded by either a large (14 cm in diameter) or small circle (7 cm in diameter) and were
informed that balls ending up in each respective circle constituted good performance. The
participants who practiced with a large circle surrounding the target putted golf balls closer to the
center of the target during retention and transfer tests compared with performers who previously
practiced with a small circle. Chiviacowsky et al. (2012) assessed performance expectancies using
a coincident-timing task in which participants pressed a hand-held switch simultaneously as the
target light illuminated. Both the control group and learners who were informed that errors within
a large bandwidth (30ms) constituted good performance showed more effective learning than those
given a comparatively smaller error bandwidth (4ms). The control group and group who
understood that a larger error (30ms) constituted good performance performed similarly. However,
the group with the larger error (30ms) were also allowed to choose when they received feedback,
so their expectancies were likely already enhanced and thus their performance had little room to
be further enhanced. As performers are given larger areas of error, their performance improves
likely as a result of more automatic and fluid movements.
An example of defining good performance is seen as a shortstop-infielder in softball fields
ground balls and throws to first base. The shortstop fields the ball and then throws that ball to a
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relatively small target: first base. When throwing the ball to first base, it would be unrealistic for
the coach to reduce the area that the shortstop had to locate the ball to the relatively small area of
the first baseman's glove (assuming that the first baseman does not move her arm when catching
the ball). Rather, these studies indicate that increasing the area that the shortstop can miss, such as
to within an arm’s reach of the first baseman, will increase the likelihood that the ball is more
accurately thrown. By telling the shortstop that they do not need to be quite so precise, their
movements could be performed with more movement automaticity.

2.3 External Focus
External focus (EF) of attention is the concentration of the intended movement effect (e.g.,
on the club movement during a golf swing; Wulf, Lauterbach, & Toole, 1999) and has been shown
to enhance motor performance and learning (Wulf, 2013). In comparison, an internal focus (IF)
refers to the attention directed toward body movements, such as one might focus on the wrist hinge
movement during a golf swing (Bell & Hardy, 2009). Adopting an external focus of attention
facilitates motor task acquisition. Despite the extensive amount of evidence supporting external
attentional focus, the instructions given by PTs and coaches often promote an internal focus of
attention (Durham, van Vliet, Badger, & Sackley, 2009; Porter, Wu, & Partridge, 2010).
Balance tasks, such as balancing on a stabilometer or ski simulator, are frequently the tasks
utilized by attentional focus research. Wulf, Höß, and Prinz (1998) originally demonstrated the
advantages of adopting an external focus while learning complex motor tasks (moving and
balancing on a ski-simulator). During the retention tests, learning was more effective under
external focus as compared to internal focus conditions. Experiment 1 even suggested that the
internal focus condition was just as ineffective as not being provided any instructions.
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Interestingly, the conditions produced differences in performance by changing a single word of
instruction: Experiment 1 directed performers to focus their attention either on their outer foot (IF)
or outer wheels of the ski-simulator (EF), and Experiment 2 directed attention either to their feet
(IF) or the markers on the board (EF). Although the difference in focus is mere millimeters,
performers experienced learning benefits when adopting a focus directed at the movement
outcome. Balance performance under external focus conditions has been investigated further and
repeatedly is shown to be more effective than both internal focus or control conditions (Shea &
Wulf, 1999; Wulf, McNevin, & Shea, 2001).
Numerous studies provide evidence that simply adopting an external attentional focus is
advantageous to motor performance and learning “independent of the task, performer’s skill level,
age, or disability” (Wulf et al., 2018). Such research has measured improvements in balance tasks
(Shea & Wulf, 1999; Wulf et al., 2001), golfing (Wulf et al., 1999; Wulf & Su, 2007), dart throwing
(Marchant, Clough, & Crawshaw, 2007), discus throwing (Zarghami, Saemi, & Fathi, 2012), shot
put throwing (Makaruk, Porter, & Makaruk, 2013), swimming (Freudenheim, Wulf, Madureira,
Pasetto, & Corrěa, 2010), jumping (Wulf, Dufek, Lozano, Pettigrew, 2010; Wulf, Zachry,
Granados, & Dufek, 2007), and among different populations including older adults
(Chiviacowsky, Wulf, & Wally, 2010), persons with Parkinson’s disease (Wulf, Landers,
Lewthwaite, & Tollner, 2009), children with intellectual disabilities (Chiviacowsky, Wulf, &
Ávila, 2013), and in skilled athletes (Christina & Alpenfels, 2014). For example, participants
adopting an external focus during throwing tasks threw a discus farther (Zarghami et al., 2012),
and beanbags (Chiviacowsky et al., 2013) and darts more accurately (Marchant et al., 2007) than
those in an internal focus condition or those without instructions (control conditions). Wulf and
Su (2007) found similar results in both novice and skilled golfers. Instructions that directed
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performers to focus externally improved performance in practice and the retention test.
Additionally, internal focus instructions resulted in scores that were almost identical to those
receiving no instruction.
Performance benefits due to adopting an external focus may be explained by the
constrained action hypothesis. Originally proposed by Wulf et al. (2001) and McNevin, Shea, and
Wulf (2003), this hypothesis suggests that internal attentional focus impedes automatic motor
control processes that would normally produce efficient, self-organized movements under an
external attentional focus. Evidence for the constrained action hypothesis arises from studies
assessing muscle activation by electromyography (EMG) (Vance, Wulf, Töllner, McNevin, &
Mercer, 2004; Zachry, Wulf, Mercer, & Bezodis, 2005), probe reaction times (Wulf et al., 2001),
and frequency and amplitude of movement adjustments (McNevin et al., 2003). Vance et al. (2004)
and Zachry et al. (2005) showed reductions in EMG muscle activity of the upper arm muscles with
an external focus of attention. In the Vance et al. (2004) study, participants performed biceps curls
with a loaded barbell and focused externally (on the movement of the bar) or internally (on the
contraction of their biceps). EMG activity of the biceps was reduced when an external focus was
adopted. Similar results were shown during basketball free-throw shooting performance (Zachry
et al., 2005) for EMG activity of the triceps and biceps brachii. Furthermore, Wulf et al. (2010)
found an increase in jump height and a reduction in EMG muscle activity in various muscles
(anterior tibialis, biceps femoris, vastus lateralis, rectus femoris, gastrocnemius) under external
focus conditions. The reduction in EMG activity supports the findings that external focus
encourages automatic motor control processes (Wulf et al., 2001). To further test the automaticity
notion, probe reaction time was determined during a stabilometer balance task. Participants
balanced on a stabilometer and attempted to keep the board as horizontal as possible. Participants
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focused either internally (on the feet) or externally (on the board). Reaction time was measured by
pressing a remote button as soon as participants heard a tone. Although reaction times improved
over the course of the experiment for both groups, the external focus group had faster reaction
times, suggesting greater automaticity in movement control. The external focus group also
displayed more frequent and smaller amplitude adjustments to balance on the stabilometer,
indicating an increased use of automatic reflexes (Wulf et al., 2001). These findings indicate that
adopting an external focus allows muscle activity to be more automatic relative to the adoption of
an internal focus, fundamentally allowing movement patterns to be performed with more fluidity.
External focus instructions can be directed either proximally or distally. A proximal
external focus is a focus that is relatively close to the body (e.g., focusing on the softball you are
holding) whereas a distal external focus is a spatially distant attentional focus (e.g., focusing on a
glove that you are throwing towards). Specifically adopting a distal external focus relative to a
proximal external focus has been shown to improve motor performance in dart throwing (McKay
& Wulf, 2012), balance tasks (McNevin et al., 2003), and golfing (Bell & Hardy, 2009; Kearney,
2015). McNevin et al.’s (2003) study was the first to demonstrate performance advantages with
more distal external focus. Participants balanced on a stabilometer and were told to keep the
stabilometer board horizontal by (1) focusing on their feet (internal focus group), (2) focusing on
the dots located directly in front of their feet (proximal external focus group), (3) focusing on the
dots located far-outside their feet (distal external focus group), or (4) focusing on the dots located
far-inside their feet (distal external focus group). In addition to more effectively maintaining their
balance on the platform, an increase in focus distance produced a higher frequency and a lower
amplitude of adjustments than a proximal or internal focus.
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Bell and Hardy (2009) determined that a distal external focus allowed skilled golfers (mean
handicap 5.5) to perform significantly more accurately than under a proximal external focus or
internal focus. Novice golfers also performed better during a putting task under a distal external
focus (Kearney, 2015). Notably, this study revealed that the internal focus and proximal external
focus conditions produced similar performance results. Throwing performance has also been
shown to improve under distal external focuses. McKay and Wulf (2012) induced distal or
proximal attentional focus on participants throwing darts to a bullseye. The focus was directed
either on the dartboard (distal) or the flight of the dart (proximal). Performers not only had better
scores with the distal external focus, they also largely preferred a distal focus and even the ones
who preferred a proximal focus scored higher under distal focus conditions.
There appears to be only one study analyzing attentional focus and overhand throwing.
However, this study by van der Graaff, Hoozemans, Pasteuning, Veeger, and Beek (2018) merely
(1) classified the attentional instructional cues given by coaches and (2) asked youth baseball
pitchers which attentional focus instructions they utilized. The results indicated that coaches
directed attention internally more than two-thirds of the time that they provided focus instructions.

2.4 Combining the Factors
Numerous studies have shown that providing performers with either autonomy, enhanced
expectancies, or externally (and distally) focusing their attention improves learning and
performance in retention and transfer tests. Furthermore, studies that combine more than one
variable produced results suggesting additive beneficial effects in children (Abdollahipour, Nieto,
Psotta, & Wulf, 2017), novices (Chua et al., 2018; Marchant, Carnegie, Wood, & Ellison, 2019;
Pascua, Wulf, & Lewthwaite, 2015; Wulf, Chiviacowsky, & Cardozo, 2014; Wulf, Chiviacowsky,
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& Drews, 2015; Wulf et al., 2018) and elite performers (Makaruk, Porter, Bodasińska, & Palmer,
2020). As the number of factors given to participants increased, so did the performance.
A recently published study found that consecutively adding all three factors allowed
performers to maximize their jump height (Chua, Wulf, & Lewthwaite, 2018). This appears to be
the first study to successively combine all three motivational and attentional factors to assess the
beneficial effects on the performance of motor skills. Participants were divided into a control
(yoked) group or an optimized group and performed a countermovement jump. Conditions were
introduced in a counterbalanced fashion so that there were six possible orders. In the autonomy
support condition, participants could choose the shape they jumped in (red triangle, green square,
blue pentagon); in the enhanced expectancies condition, researchers told participants that they
performed better than average on their last block of jumps; and the external focus condition
directed performers attention to a marker on their belt. Jump height of the optimized group
improved as more factors were added whereas the control group did not increase jump height
across blocks.

2.5 The present study
The need arises to test the combined factors of the OPTIMAL theory on other sport-related
tasks. If there are additive benefits from utilizing all three factors, then athletes could improve their
performance relative to utilizing a single variable (or no variables at all). There is also a need to
test the influence of a combination of factors on performers who are highly skilled. Softball players
repeatedly perform throwing movements during a season and throughout a playing career. This
study aimed to assess whether sequentially combining the three factors improves throwing
performance in skilled softball players.
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Twenty-four softball players with ten or more years of softball experience were recruited
to participate in this study. They were quasi-randomly assigned to groups: control or optimized.
Both groups threw softballs to a target mounted on a wall for five blocks of twelve trials each. The
first block served as a baseline measurement. During the middle three blocks, the optimized group
was given each factor across blocks. The final block was the transfer test; participants threw
softballs two meters farther than during the other blocks. Before each block, participants were
asked to fill out a self-efficacy questionnaire to assess their level of confidence towards the
upcoming throwing block.
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Chapter 3
Methodology
3.1 Participants
Twenty-four healthy, female softball players with a mean age of 21.36 years (SD = 1.58)
and a mean 14.44 years (SD = 2.75) of softball experience were recruited to participate in this
study. In this sample, the primary defensive positions are as follows: 5 pitchers, 5 catchers, 11
infielders, 3 outfielders. All but two participants play(ed) Division I softball and the other two
participants are former Division II softball athletes. Two participants also played softball
professionally after their collegiate careers. There were 13 retired players in the sample. All
participants were naïve to the specific purpose of the experiment and all gave written informed
consent before participating in the study, which was approved by the University of Nevada, Las
Vegas Institutional Review Board. See Appendix A for the informed consent form.

3.2 Apparatus and Task
Participant throwing accuracy was measured as they threw NCAA standard softballs
(Wilson 12” ASA Series Fastpitch Softballs) overhand from 10 and 12 meters to a bullseye
attached to the wall. Participants threw softballs from 10 m during the first four blocks and from
12 m during the transfer test. This bullseye was composed of 8 concentric rings, labeled 1-8, and
spaced 10 cm apart (Appendix C). The center of the bullseye was 1.26 m above the ground.
Performance scores were measured by assigning scores to the corresponding number on the
bullseye that each ball hit after the throw. Hitting the center of the bullseye resulted in a score of
8, hitting the 7 resulted in a score of 7, and so on. Completely missing the bullseye resulted in a
score of 0. If the softball hit the line separating two rings, the score awarded was within the ring
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hosting most of the softball. In order to accurately score the throws, the bullseye was videotaped
in slow-motion; the scores were recorded afterwards by the experimenter.
Self-efficacy was assessed before each block. The questionnaire included questions such
as: “How confident are you that you will achieve an average score of at least 3 on the next 12
throws?” and participants responded on a 10-point scale with anchors 1 (not confident at all) and
10 (extremely confident). The full questionnaire can be found in Appendix D.

3.3 Procedure
Participants performed a self-selected warm up of the throwing arm and lower limbs, and
then threw a softball overhand with the experimenter until the participant felt comfortable to begin
the test session. Baseline throwing scores allowed the investigator to quasi-randomly assign
participants to one of two groups: the optimized group and the control group. The first twelve
participants were assigned to groups randomly and the remaining twelve participants were
assigned to groups based on their baseline throwing scores in order to ensure no group difference
in throwing scores at baseline.
Each participant performed five blocks of twelve throwing trials each with three minutes
rest between each block. Each single throw to the wall represented one trial. Before every block,
participants filled out a questionnaire evaluating their self-efficacy towards the upcoming block
and were told the task goal: “The goal for this block is to be as accurate as possible”. Block 1
served as the baseline test; the optimal factors were introduced before blocks 2-4; block 5 served
as the transfer test. Participants were allotted one unscored warm-up throw to the target before
each block. No instructions more than the task goal were given during the transfer test.
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In the optimized group, AS, EE, and EF were counterbalanced in their introduction to the
participants. AS was introduced to the participants by allowing them to choose between two
softballs. These softballs were almost identical; participants were told that one was brand new
(new) and the other had been used in a game (dirty). EE was introduced to the participants by
informing them that “hitting the 4 or better on the bullseye was considered good and would raise
their overall score.” EF was introduced to the participants by telling them to “focus on the
bullseye”. The experimenter allowed the participants in the optimized group to choose between
balls and reminded them of the criterion (EE) or EF every three trials only during the block in
which the variable was introduced. The control group completed all five blocks without further
instructions. Their only instruction was the task goal before each block.

3.4 Data Analysis
The throwing accuracy scores were averaged across all 12 trials for the baseline test, each
of blocks 2-4, and transfer test. The baseline data were analyzed with a univariate analysis of
variance (ANOVA). Blocks 2-4 were analyzed in a 2 (group: optimized, control) x 3 (block)
repeated-measures ANOVA with repeated measures across blocks. The transfer test data were
analyzed with a univariate ANOVA. The self-efficacy ratings were averaged across the 4 questions
and analyzed in a univariate ANOVA for the baseline test, a 2 (group) x 3 (block) repeatedmeasures ANOVA with the repeated-measures for blocks 2-4, and a univariate ANOVA for the
transfer test.
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Chapter 4
Results
4.1 Throwing Accuracy
Prior to the analysis of variance (ANOVA) analyses of group on throwing performance
across blocks, an examination of diagnostics and assumptions were conducted. First, we inspected
the data to identify outliers by computing studentized residuals (SRESID) and visually assessed
box plots. Inspection of the studentized residuals for values greater than ±3 revealed no large
SRESIDs across all blocks. Visual inspection of the box plots indicated outliers between 1.5 and
3 times the interquartile range for block 2 of the control group and block 4 and the transfer test of
the optimized group. Considering these two tests, we choose to leave the data unchanged as all
subjects fit within the population and all values are relatively close to their predicted values.
Succeeding the examination of outliers, we examined the conditional normality assumption
on which ANOVA is predicted. We statistically tested skewness and kurtosis of the groups in each
block in line with Bliss’s (1967) formulas, as shown in Table 1. The alpha level was set at 0.05 for
this one-tailed hypothesis. In addition, the Shapiro-Wilk test indicated that throwing scores were
normally distributed for both groups at baseline, blocks 2-4, and the control group in the transfer
test. Only the optimized group in the transfer test violated the assumption of normality, p = 0.034.
Taken together, the statistical tests suggest that the present data approximates normality and
satisfies the normality assumption on which ANOVA is predicted.
Finally, we assessed the assumption of sphericity. Mauchly’s test of sphericity indicated
that, for blocks 2-4, the assumption of sphericity was met for the two-way interaction, χ2(2) =
2.633, p = .268.
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Table 1. Statistical test of normality via skew and kurtosis for throwing scores.

Skew
SE
z-score
p-value
Kurtosis
SE
z-score
p-value

Baseline
Control Optimized
1.160
0.730
0.637
0.637
1.821
1.146
0.034*
0.126
1.291
0.496
1.232
1.232
1.048
0.403
0.147
0.344

Block 2
Control Optimized
1.479
0.413
0.637
0.637
2.322
0.648
0.010*
0.258
2.724
0.849
1.232
1.232
2.211
0.689
0.014^
0.245

Block 3
Control Optimized
0.221
0.276
0.637
0.637
0.347
0.433
0.364
0.332
0.610
0.481
1.232
1.232
0.495
0.390
0.310
0.348

Block 4
Control Optimized
0.177
0.880
0.637
0.637
0.278
1.381
0.391
0.084
1.123
1.188
1.232
1.232
0.912
0.964
0.181
0.167

Transfer
Control Optimized
0.625
1.521
0.615
0.637
1.016
2.388
0.155
0.008*
0.615
2.214
1.232
1.232
0.499
1.797
0.309
0.036^

All values are listed as absolute values.
*Indicate significant skew
^Indicate significant kurtosis

Throwing accuracy across blocks is shown in Figure 1. The main effect of group was not
significant between the optimized and control groups, F1,24 = 0.366, p = 0.551, η2p = 0.016. During
blocks 2-4, scores increased slightly across blocks, but the main effect of group was not significant,
F2,44 = 0.227, p = 0.798, η2p = 0.010. The transfer test was conducted from 12 m, 2 m farther than
that of the other throwing blocks. On the transfer test, the main effect of group was not significantly
different, F1,24 = 0.320, p = 0.557, η2p = 0.014.
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Figure 1. Throwing scores of control and optimized groups across baseline, blocks 2-4, and transfer test.
Error bars represent standard errors.
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4.2 Self Efficacy
An examination of diagnostics and assumptions were conducted before the ANOVA
analyses of group on self-efficacy across baseline, blocks 2-4, and the transfer test. We inspected
the data to identify outliers by computing studentized residuals (SRESID) and visually assessed
box plots. Inspection of the studentized residuals for values greater than ±3 revealed no large
SRESIDs across all blocks. Visual inspection of the box plots indicated outliers between 1.5 and
3 times the interquartile range for block 4 of the control group and at baseline and block 4 of the
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optimized group. Considering these two tests, we choose to leave the data unchanged as all subjects
fit within the population and all values are relatively close to their predicted values.
Succeeding the examination of outliers, we examined the conditional normality assumption
on which ANOVA is predicted. We statistically tested skewness and kurtosis of the groups in each
block in line with Bliss’s (1967) formulas, as shown in Table 2. The alpha level was set at 0.05 for
this one-tailed hypothesis. In addition, the Shapiro-Wilk test indicated that self-efficacy scores
were normally distributed for both groups at baseline, in block 2, in the transfer test and for the
control group in blocks 3 and 4. Only the optimized group in blocks 3 (p = 0.027) and 4 (p = 0.020)
violated the assumption of normality. Taken together, the statistical tests suggest that the present
data approximates normality, satisfying the assumption of normality on which ANOVA is
predicted.
Finally, we assessed the assumption of sphericity. Mauchly’s test of sphericity indicated
that, for the practice blocks, the assumption of sphericity was violated for the two-way interaction,
χ2(2) = 13.072, p < 0.001.

Table 2. Statistical test of normality via skew and kurtosis for reported self-efficacy scores.

Skew
SE
z-score
p-value
Kurtosis
SE
z-score
p-value

Baseline
Control Optimized
0.195
0.444
0.637
0.637
0.306
0.697
0.380
0.243
1.199
0.604
1.232
1.232
0.973
0.490
0.165
0.312

Block 2
Control Optimized
0.213
0.518
0.637
0.637
0.334
0.813
0.369
0.208
1.565
0.025
1.232
1.232
1.270
0.020
0.102
0.492

Block 3
Control Optimized
0.352
1.003
0.637
0.637
0.553
1.575
0.290
0.058
0.116
0.386
1.232
1.232
0.094
0.313
0.463
0.377

All values are listed as absolute values.
*Indicate significant skew
^Indicate significant kurtosis
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Block 4
Control Optimized
0.724
1.782
0.637
0.637
1.137
2.797
0.128
0.003*
0.634
3.907
1.232
1.232
0.515
3.171
0.303
<0.001^

Transfer
Control Optimized
0.095
0.897
0.637
0.637
0.149
1.408
0.441
0.080
0.784
0.079
1.232
1.232
0.636
0.064
0.262
0.474

Self-efficacy is shown in Figure 2. Baseline self-efficacy scores were not statistically
different between control and optimized groups, F1,24 = 2.278, p = 0.145, η2p = 0.094. During
blocks 2-4, there was no difference in self-efficacy between control and optimized groups, F2,44 =
0.534, p = 0.472, η2p = 0.027. Transfer test self-efficacy scores were also not statistically different
between groups, F1,24 = 0.761, p = 0.392, η2p = 0.033.

Figure 2. Self-efficacy scores of the control and optimized groups across blocks. Error bars represent
standard errors.
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Transfer

Chapter 5
Discussion
Most previous studies have focused on only a single factor of the OPTIMAL theory, testing
whether autonomy support, enhanced expectancies, or external focus can individually improve
task performance. The literature suggests that individually, these factors improve performance.
Recent studies have found that multiple OPTIMAL factors can improve performance in children
(Abdollahipour et al., 2017), adults (Chua et al., 2018), novices (Marchant et al., 2019; Pascua et
al., 2015; Wulf, Chiviacowsky, et al., 2014; Wulf et al., 2015, 2018) and expert athletes (Makaruk
et al., 2020).
Chua et al. (2018) was the first study to sequentially add the OPTIMAL factors across
blocks and developed the methodologies utilized by the present study. The primary difference
between the muse and the present study is that the former required participants to exert maximal
force during a countermovement jump, and the latter required technical and developed skill.
Participants improved their relative and absolute jump heights with the addition of AS, EE, and
EF across blocks in Chua et al. (2018). In contrast, improvement in the presently assessed skill
was not seen.
This was the first study to assess whether the successive addition of the OPTIMAL factors
can improve throwing performance in a sample of elite softball athletes. The results showed that
there were no throwing performance benefits resulting from the consecutive addition of the
OPTIMAL factors in skilled softball athletes. Both the optimized and control groups produced
similar throwing scores during the baseline test, across blocks 2-4, and during the transfer test
(Figure 1). Furthermore, there was no difference between groups in their reported self-efficacy
across all blocks (Figure 2).
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Countless literature provides evidence to suggest that autonomy support (Ávila et al., 2012;
Chiviacowsky et al., 2008, 2012; Halperin et al., 2017), enhanced expectancies (Palmer et al.,
2016), and focusing externally (McNevin et al., 2003) individually improves performance in
various tasks. Although there are relatively few studies on throwing and the individual components
of the OPTIMAL theory, the research suggests that novice learning of a throwing task is facilitated
by a single variable in tasks such as cricket bowling (Hooyman, Wulf, & Lewthwaite, 2014),
overhand throwing (McKay et al., 2012), discus throwing (Zarghami et al., 2012), and dart
throwing (Marchant et al., 2007; McKay & Wulf, 2012).
Furthermore, previous studies combined factors of the OPTIMAL theory in a throwing task
with the non-dominant arm and found performance benefits: Pascua et al. (2015) (EE and EF),
Wulf et al. (2015) (AS and EF), Wulf et al. (2014) (AS and EE), and Wulf et al. (2018) (AS, EE,
and EF). All three studies combining two factors produced similar results in the retention and
transfer tests: the group given both respective factors showed the highest accuracy, the groups with
one variable produced intermediate scores, and the control group scored lowest. When given all
three factors, throwing performance was also higher than when given fewer factors. These results
provide sufficient evidence to suggest that learning a novel task, such as throwing with the nondominant arm, is improved with each addition of an OPTIMAL factor.
The present study did not align with these previous studies’ results. Skill level is the
primary difference between the aforementioned studies and the present study. The present study
measured the throwing accuracy of softball players with an average of 14.44 years of softball
experience and produced results demonstrating that the successive addition of AS, EE, and EF did
not change throwing performance in this population. Perhaps this population has so much
experience throwing overhand that a single practice session could not change the motor patterns
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developed from years of practice. It seems reasonable to suggest that implementing the OPTIMAL
factors over a longer time period (e.g., sporting season) may provide learning benefits that lead to
improved motor performance.
Although the present study showed no performance improvements in the skilled softball
players, other studies have shown improvements in skilled athletes with OPTIMAL factor
instruction (Bell & Hardy, 2009; Halperin et al., 2017; Makaruk et al., 2020). Bell and Hardy
(2009) introduced different foci to expert golfers, resulting in more accurate chip shots under an
external focus. Halperin et al. (2017) allowed a world-class kickboxer to choose the sequence of
punches he would perform. This choice condition resulted in higher punch force and velocity
exerted than when compared to the control condition where the athlete was told the sequence of
punches he would perform. Finally, in a recently published study, Makaruk et al. (2020) showed
that experienced soccer players kicked more accurate penalty kicks with a combination of EF and
AS instructions than the control condition. These studies suggest that single and multiple
OPTIMAL factors can improve elite athlete performance. The present study differs in this
assumption likely as a result of the simplicity of the task performed. An elite athlete can throw a
softball rather subconsciously, whereas chipping a golf ball, punching, and kicking a soccer ball
are skills that could require more mental involvement.
Moreover, it is possible that the manipulations were not as effective in this sample of elitelevel performers as seen in previous studies. Participants chose between a ‘dirty’ and a ‘new’ ball
during the autonomy support manipulation. Most participants chose to use the dirty ball the entire
block and even those yoked tended to express their satisfaction when given the dirty ball. This
relief of not having to throw with the new ball could have invoked advantages for both groups,
regardless of having choice. The enhanced expectancy manipulation defined the criterion of good
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performance as ‘scoring a 4 or better’ but the criterion may not have presented a sufficient
challenge, as the participants scored a 4 or better on more than 75% of the trials. This easy criterion
might not create a ‘successful’ atmosphere for the participants as they were already achieving it,
therefore their confidence was not increased as seen in other studies. The task itself might have
invoked an external focus on the target, therefore the additional instruction was ineffective. This
might especially be the case for an elite softball player. In contrast, for novices, who might focus
more on their motions, an EF instruction would be more helpful. Furthermore, the optimized group
could have been distracted during the middle blocks primarily because they were reminded of their
instruction every three throws. Most participants would pause, turn around, and look at the
experimenter as she repeated the instruction. In comparison, the control group was given no
instructions during the middle blocks and completed the task uninterrupted.
Self-efficacy did not differ between groups and remained consistent throughout all five
blocks (Figure 2). Previous studies showed that self-efficacy increased in participants who were
given single or multiple OPTIMAL factors as they performed novel tasks (e.g., Pascua et al., 2015;
Wulf, Chiviacowsky, et al., 2014; Wulf et al., 2015). In these studies, self-efficacy mediated
learning and enhanced the performance of the novel task. Bandura (1977) identified at least some
aspects of self-efficacy to be the result of prior experience. Accordingly, “this source of efficacy
information is especially influential because it is based on personal mastery experiences”
(Bandura, 1977). In the present study, it is possible that these highly skilled athletes already had a
high level of self-efficacy preexisting from their softball careers, and that self-efficacy might not
easily change from a single session.
The present results support the possibility that the OPTIMAL factors are more effective at
improving performance in other tasks, such as encouraging maximal force exertion (Chua et al.,
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2018) or learning novel tasks (Pascua et al., 2014), than improving throwing accuracy skills in
experienced softball athletes during a single practice session. Elite-level athletes take years to
improve their skills and might benefit from the addition of the OPTIMAL factors over a longer
time period (e.g., an entire sporting season). Future research should examine whether this chronic
implementation improves performance relative to control conditions.
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Appendices
Appendix A: Informed Consent Form

INFORMED CONSENT
Department of Kinesiology and Nutrition Sciences
TITLE OF STUDY: Softball overhand throwing
INVESTIGATOR(S): Gabriele Wulf, Jacquelyn Sertic, and Samantha Griffin
For questions or concerns about the study, you may contact Gabriele Wulf at 702-895-0938.
For questions regarding the rights of research subjects, any complaints or comments regarding the
manner in which the study is being conducted, contact the UNLV Office of Research Integrity
– Human Subjects at 702-895-2794, toll free at 877-895-2794 or via email at IRB@unlv.edu.
Purpose of the Study
You are invited to participate in a research study. The purpose of this study is to examine the
accuracy of overhand throwing in elite softball players.
Participants
You are asked to participate in the study because you fit this criterion: You are a healthy elite
softball player between the ages of 18 and 45 years.
Procedures
If you volunteer to participate in this study, you will be asked to do the following: Perform throws
with a softball. We will ask you to perform a total of 60 trials. This session will take approximately
45 minutes.
Benefits of Participation
There may be no direct benefits to you as a participant in this study. However, we hope to learn
more about factors that influence throwing accuracy.
Risks of Participation
There are risks involved in all research studies. In this study, there may be minimal risks that
include the possibility that you might experience some fatigue in your arm muscles, and perhaps
some muscle soreness the next day.
Cost/Compensation
There will not be any financial cost or compensation to you to participate in this study. The study
will take about 45 minutes of your time today.
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Confidentiality
All information gathered in this study will be kept as confidential as possible. No reference will
be made in written or oral materials that could link you to this study. All records will be stored in
a locked facility at UNLV for 3 years after completion of the study. After this storage time, the
information gathered will be destroyed.
Voluntary Participation
Your participation in this study is voluntary. You may refuse to participate in this study or in any
part of this study. You may withdraw at any time without prejudice to your relations with the
university. You are encouraged to ask questions about this study at the beginning of or any time
during the research study.
Participant Consent:
I have read the above information and agree to participate in this study. I have been able to ask
questions about the research study. I am at least 18 years of age. A copy of this form will be given
to me upon my request.

Signature of Participant

Date

Name of Participant (Please Print)
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Appendix B: History Questionnaire

History Questionnaire
Participant Number __________

Date: ________________

History of Softball Questionnaire
1. What is your age? __________
2. How many years have you been playing or played softball competitively? __________
3. What is the highest level of competition that you played softball? Please circle one.
Professional
Division I
Division II
High School
4. What was your primary position? __________

5. What was your secondary position? __________

6. Do you have any injuries that are currently bothering you? Yes
a. If yes, please explain.
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No

Appendix C: Apparatus and Task
Figure 3. Target/bullseye.
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Figure 4. Thrower is pictured from 12 m (distance of the transfer test).
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Appendix D: Self-Efficacy Questionnaire
QUESTIONNAIRE: Block 1
Instructions: Please answer the following questions.

1. I am confident that I can achieve an average score of at least 3 on the next 12 throws.
1

2

3

4

5

6

7

8

9

Not
confident
at all

10
Extremely
confident

2. I am confident that I can achieve an average score of at least 4 on the next 12 throws.
1

2

3

4

5

6

7

8

9

Not
confident
at all

10
Extremely
confident

3. I am confident that I can achieve an average score of at least 5 on the next 12 throws.
1

2

3

4

5

6

7

8

9

Not
confident
at all

10
Extremely
confident

4. I am confident that I can achieve an average score of at least 6 on the next 12 throws.
1

2

3

4

5

6

Not
confident
at all

7

8

9

10
Extremely
confident
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QUESTIONNAIRE: Block 2
Instructions: Please answer the following questions.

5. I am confident that I can achieve an average score of at least 3 on the next 12 throws.
1

2

3

4

5

6

7

8

9

Not
confident
at all

10
Extremely
confident

6. I am confident that I can achieve an average score of at least 4 on the next 12 throws.
1

2

3

4

5

6

7

8

9

Not
confident
at all

10
Extremely
confident

7. I am confident that I can achieve an average score of at least 5 on the next 12 throws.
1

2

3

4

5

6

7

8

9

Not
confident
at all

10
Extremely
confident

8. I am confident that I can achieve an average score of at least 6 on the next 12 throws.
1

2

3

4

5

6

Not
confident
at all

7

8

9

10
Extremely
confident
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QUESTIONNAIRE: Block 3
Instructions: Please answer the following questions.

9. I am confident that I can achieve an average score of at least 3 on the next 12 throws.
1

2

3

4

5

6

7

8

9

Not
confident
at all

10
Extremely
confident

10. I am confident that I can achieve an average score of at least 4 on the next 12 throws.
1

2

3

4

5

6

7

8

9

Not
confident
at all

10
Extremely
confident

11. I am confident that I can achieve an average score of at least 5 on the next 12 throws.
1

2

3

4

5

6

7

8

9

Not
confident
at all

10
Extremely
confident

12. I am confident that I can achieve an average score of at least 6 on the next 12 throws.
1

2

3

4

5

6

Not
confident
at all

7

8

9

10
Extremely
confident
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QUESTIONNAIRE: Block 4
Instructions: Please answer the following questions.

13. I am confident that I can achieve an average score of at least 3 on the next 12 throws.
1

2

3

4

5

6

7

8

9

Not
confident
at all

10
Extremely
confident

14. I am confident that I can achieve an average score of at least 4 on the next 12 throws.
1

2

3

4

5

6

7

8

9

Not
confident
at all

10
Extremely
confident

15. I am confident that I can achieve an average score of at least 5 on the next 12 throws.
1

2

3

4

5

6

7

8

9

Not
confident
at all

10
Extremely
confident

16. I am confident that I can achieve an average score of at least 6 on the next 12 throws.
1

2

3

4

5

6

Not
confident
at all

7

8

9

10
Extremely
confident
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QUESTIONNAIRE: Block 5
Instructions: Please answer the following questions.

17. I am confident that I can achieve an average score of at least 3 on the next 12 throws.
1

2

3

4

5

6

7

8

9

Not
confident
at all

10
Extremely
confident

18. I am confident that I can achieve an average score of at least 4 on the next 12 throws.
1

2

3

4

5

6

7

8

9

Not
confident
at all

10
Extremely
confident

19. I am confident that I can achieve an average score of at least 5 on the next 12 throws.
1

2

3

4

5

6

7

8

9

Not
confident
at all

10
Extremely
confident

20. I am confident that I can achieve an average score of at least 6 on the next 12 throws.
1

2

3

4

5

6

Not
confident
at all

7

8

9

10
Extremely
confident
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Appendix E: Data Collection Sheet
Data Collection Sheet

Block 1: Pretest
(10m)
Throw

Score

Block 2:
Condition 1
(10m)
Throw

Score

Block 3:
Condition 2
(10m)
Throw

WU

1
2
3
4
5
6
7
8
9
10
11
12
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Score

Block 4:
Condition 3
(10m)
Throw

Score

Block 5:
Transfer (12m)
Throw

Score
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